it, and the probable response of labour to its introduction. We know that managers, in calling for new technology, and engineers, in designing it, have factored-in a certain labour force and its response to the changes, even if the technology is not directly aimed at replacing labour. In this way the specific characteristics of the labour force affect the design of specific production machinery, indirectly, through the media of the manager and the engineer. In Canada the literature that recognizes this form of labour's impact on technology is small, relatively recent and predominantly from the pens of labour historians.
Previously, the academic division of labour has ensured historians of technology largely focused on the technical, and to a degree, economic aspects of the production process. Labour historians focused on the social aspect of production, the impact of workplace technology. Each specialization has proceeded, as this essay confirms, without making much reference to the other. The recent literature on the history of the 'labour process* breaks from the this tradition and links the two subdisciplines together by exploring the indirect impact of labour on the origins of technology. This new work has revealed the limitations of studying the technical and social components of the production process separately. In so doing it suggests a rationale and potential for bridging the gap between the two subdisciplines.
In an attempt to widen this little-used bridge between the two subdisciplines this paper surveys recent contributions of Canadian labour history to the history of technology. It does this in four parts. First it looks at some of the reasons why the two subdisciplines have been estranged. Second, it briefly reviews the Canadian labour historiography of the last decade for its direct contributions to the 
I
The two subdisciplines, the history of technology and labour history, have had an obvious meeting place for their research, amidst the clattering machinery on factory floors everywhere; but they have tended not to show up at the same place, at least not on the same day. Until recently when technology appeared in the writings of labour historians and sociologists it was as a device used by greedy capitalists to take skills and power away from workers. In the hands of historians of technology, technology was a way of improving efficiency, productivity and social welfare. When workers appeared, which they did rarely, they were either passive respondents to change or they were reactionary forces holding back real progress. Historians of technology tended to down-play the effect of the technological change on the workers in the industries that they study.
Why has there been such a gap of understanding between these specialists in over-lapping fields? In a recent article Philip Scranton suggests that a major factor is the distance between the social origins of the practitioners in the respective fields; a social distance that is accompanied by ideological differences, different agendas, different questions asked from different perspectives. 
II
Canadian labour process literature has largely followed through the door opened by Braverman. Braverman related technology to control and to wider questions of class and conflict. In focusing on the use of machinery to replace labour skill and reduce labour power he identified one of the reasons why capital introduces machinery into the productive process and really focused scholarly attention onto the problem of labour-and skill-displacing technology. Braverman was eagerly seized upon by the left in the 1970s and 1980s, both for these insights and because he showed a way out of the technological determinism that had previously dominated the Marxist literature. In focusing on the conflict between capital and labour he directed others to the fact that modern capital intensive industries are very vulnerable at the point of production -the shop floor.
Yet, at its core, Braverman's notion of a skilled craftsman was a romantic one. The approach assumed that homo sapiens was really homo faber and that skill was as essential ingredient for human dignity. To deskill, was to dehumanize. Marx vividly presents this view, that the division of labour by manufacturers 'converts labour into a crippled monstrosity, by forcing his detail dexterity at the expense of a world of productive capabilities and instincts; just as in the States of La Plata they butcher a whole beast for the sake of his hide or his tallow.'
13 No one will argue against the proposition that factory work is often stultifying or that many skilled jobs were lost in the first or second industrial revolutions. These were clearly aspects of the industrializing process. Braverman, however, by focusing on the nineteenth century skilled craftsman, limited his focus to the only segment of the workforce that was facing deskilling, and diverted a generation of scholars away from the burgeoning demand for semi-skilled workers drawn from 12 Karl Marx cited in Braverman, Labor and Monopoly Capitalism, 185.
13 Karl Marx, Capital (New York, 1967) , 1,360. the formerly unskilled. The romance in Braverman lies in the implied assumption that skilled workers numerically dominated the pre-industrial workforce and their economic power, skill levels and workplace discretion were typical of the era.
Braverman's romanticism carried over into the Canadian labour process literature which has focused on the effect of workplace technological innovation on the skilled workforce and, until recently, ignored the unskilled and semi-skilled who were affected very differently by technological change. The literature on Canadian labour history and the labour process is vast but most of it takes the level of technology as 'a given' and thus has little to add to the understanding of the development of technology. In the survey that follows I have selected those works that have directly considered the shaping of workplace technology. Radforth stepped away from the focus on the skilled labourer and looked at technological innovation and work among the bushworkers. He rejects a simplistic deskilling notion. On one hand, he argued that it was actually 'factors relating to the natural environment and the characteristics of the staple itself (244) that determined the technology of the industry. On the other, that the social organization of the work, in this case piece work, made it advantageous for workers to adopt technology to increase production. It was the workers themselves that introduced the gas powered chain saw into the woods. He concludes that management introduced new technology, not to deskill, but in response to labour shortages. Ironically the new technology required skilled operators which were at least as scarce so, as Radforth demonstrates is often the case, the intentions of the innovators did not match the results. Heron provides an overview of the pre-1883 methods of making iron, then proceeds to chronicle the major technological innovations in the iron and steel industry in Canada through to the depression. Throughout the book his broad goal is to examine the effects of the 'second industrial revolution' on Canadian workers. He argues that the steel industry provides a good proxy for understanding the effect on other workers in the new mass production industries.
He provides detailed descriptions of the machinery used to make steel and how it changed in the fifty years under study. He pays particular attention to the introduction of science-based steel making and the changes this meant for the skilled steel-workers. Surprisingly, he concludes that the steel companies found that even with their labs and university-educated scientists, they had to rely on the eye of the experienced labourers. Frequently, the scientists and managers were sent down to the factory floor to do a labouring apprenticeship before they were permitted full authority (70). In locating the impetus for technological change he records the introduction of American methods via American managers who were hired by the Canadian financier/promoters to develop the industry (87-91).
Heron challenges the Braverman deskilling thesis, arguing that while some skilled jobs disappeared, many more unskilled jobs were eliminated and numer-ous semi-skilled machine tending jobs created. He describes an era in which workers found pride in their role as machine operators (63).
This book is a well-argued reminder that technology should always be located in the context of the capitalist economy that calls it forth: business cycles, labour supply, ideological fashions, all shape the rate of technological change and the response it evokes form managers and workers. Heron's book is unique in illustrating the effect of the second industrial revolution on Canadian workers in the crucial mass production industries and as such will be particularly valuable resource for courses on the history of Canadian technology.
Tbrning to Eric Sager's book Seafaring Labour, it is as though he took Thucydides declaration that 'seafaring is an art like any other...' to heart, with David Alexander's words, that sailors might be 'working men who got wet.' 2 His focus is on the work of the ordinary seaman in the British North American fishing and freighting fleets during the transition from wood and sail to iron and steam. Since, as he points out, the sailors' workplace was itself a machine (designed to constrain social relations as well as be functional), the changing nature of seafaring labour is in large part the study of changing technology. All but three of his nine chapters concentrate explicitly on this sea-borne technology.
Sager's own skilled hand is revealed in his combination of a mass of statistical evidence garnered from the Atlantic Canada Shipping Project, a SSHRCC sponsored team-endeavour (of which he was a part), with the oral tradition and written reminiscences of the sailors he studies. The book is illustrated by detailed drawings of the ships and their riggings, reproduced from the Oxford Companion to Ships and the Sea.
The highlight is Sager's description of a sailor's work and the tools he worked with. He also explores in detail the costs associated with alternative technologies, why owners opted for some over others, as well as the implications for labour. Chapter seven is an examination, in this vein, of the shift from ships to barques in the late nineteenth century.
Sager rejects Braverman's thesis, concluding that 'there was no conscious effort by shipowners to MeskilT workers in order to reduce the dependence of capital on labour. The transition to iron, steel and steam, followed by the transition to diesel power and other forms of propulsion, resulted from an on-going search for a complex of advantages, including seaworthiness, greater longevity, in-creased average carrying capacity, and lower costs of purchase, maintenance, and operation' (259). An important part of the 'complex of advantages' Sager describes was an attempt to reduce, not labour skill, but labour costs. Skilled and unskilled alike were displaced by this pressure. In the Canadian fleet the initial response was to reduce the size of crews on existing ships and to require men to do more work, faster. New labour saving technologies changed the way that sails were deployed and reefed. These measures pointed to an increasing reliance on the skill of fewer men. Eventually the ships themselves were built of new materials, propelled in new ways and old skills were displaced by new ones, including those needed to run the new labour saving machinery (261). In contrast to other workplaces, Sager concludes that the industrial revolution actually made the ship a safer workplace than it had been earlier (256).
Sager's book should be required reading for anyone interested in 19th or 20th century shipping technology and for those interested in the relationships between skill and technology, and technology and social organization.
Of the three author's, Parr has placed technology farthest from the centre of her narrative but in some respects it has the most to offer historians of technology. Only two of her ten chapters focus directly on the technology of textile production and furniture making respectively, while in the rest of the chapters technology remains part of the backdrop. More important, for historians of technology, is the attention that is paid to the introduction of scientific management in Canadian factories and, particularly, Parr's questions and answers about the interaction of technology and gender.
Parr's The Gender of Breadwinners: Women, Men and Change in Two Industrial Towns, 1880-1950 compares two Ontario communities, Paris and Hanover, with different industrial bases. In Paris, the main employer was Penmans textile mills which employed a large percentage of women, while in Hanover, a town of similar size, the main employer, Knechtels' furniture factory, employed almost exclusively men. The book examines how the two industries became gendered and the implications this had for the people of the two towns over a 70-year period. She challenges existing interpretations of work, gender and class and shows the degree to which these categories were constructed differently in her two communities.
One of the strengths of the book is the skilful use of a wide variety of sources. Parr extensively uses business records, trade journals, local newspapers, municipal rolls and interviews with former employees, weaving them together, comparing one source against another. Another of the features that make this book remarkable is that Parr is able to connect her two detailed micro-level studies directly to the large political questions of the day (national tariffs, labour militancy, business cycles) as well as to major social questions around the construction of gender, power, and class.
It is instructive to see how the technology of knitting and the very architecture of the Penman factory were built to convey messages of respectability: it was respectable for young women to work at a respectable firm like Penmans. The result of this striving to make the built environment convey the image of respectability and hospitality to women was 'a spacious and stately building, quite unlike the popular ideal of the factory; four stories high, and with lofty, well proportioned apartments...a model of architectural neatness and beaut/ (36).
Parr's discussion of technology focuses on the conflict over its 'gender': who would operate it, men or women. She examines knitting technology on both sides of the Atlantic, finding that some machines which were considered to require male operatives in British industry, were considered the domain of females in Paris, Ontario. She also charts the changing 'gender' of the machines over time, as the workplace responded to changing labour markets and relative gender power. For those interested in hardware, there are also evaluations of competing English and American textile machinery.
The discussion of the rationale behind technical change in woodworking is explored in more depth than in textiles (129-131).The gender implications of furniture making machinery is examined in detail, particularly on how the dangerous machinery rendered the job masculine (Chapter 8). Chapter seven is of particular interest for its discussion of the reasons behind the wood-working firm's introduction of scientific management. The management of the firm had passed on to the founder's son who was 'book-learned', not a master craftsman as his father had been. The father had managed the shop through his personal relationship with the workers and his own status as the best among them. The son turned to the trade journals and found that 'modern' firms were applying 'Scientific Management' and so he hired an American engineering firm to come to Hanover and install the system. Parr reports that the men felt confused at first, and later betrayed, by the change in their relations with their employer. Unlike many of their contemporaries they successfully resisted the Taylorist bargain of higher wages for higher productivity and sloppier craftsmanship. Drawing on their identity as 'skilled' and as 'male' they resisted this 'emasculation' and eventually defeated the new system in favour of a modification of the old.
Parr's book provides a clear example of how technology is gendered, how gender shapes workplace organization and of how production technology is designed with a particular workforce in mind. Like the other two books reviewed in this section it connects precise micro-studies to macro-questions of major importance.
All three books, with Radforth's Bushworkers and Bosses and Heron and Storey's On the Job could be of useful in a course on the history of Canadian technology. Indeed it is hard to imagine a discussion on the social impact of technology that did not include one or more of them. Discussion of the second industrial revolution, the gender impact of technology, scientific management and the design of technology could all be enhanced by this literature.
IV
The authors of the books described above have not set out to write the history of technology, but they have added enormously to this sub-discipline. These new studies have conclusively illustrated the interconnectedness of technology with other elements of the socially constructed world, from tariff structures to masculine pride and feminine respectability. They illustrate how labour and labourers have shaped the design of technology. Together they demonstrate that new levels of sophistication have arrived in the field of Canadian labour history and the necessity for historians of technology to take a closer look at what their colleagues have been up to.
Labour process continues to represent one of the key interpretations of social impact of technology. But it is not the labour process of old. The ideological dogmatism that was part of the 1970s and early 1980s has largely disappeared. The literature is much more tentative, more searching and open to connection with the history of technology and other specialized fields. In moving away from its own previous specialization the new work is being judged by its ability to draw on related disciplines. The literature has avoided the false paradox of whether history is dominated by structure or agency by examining how agency at the micro-level interacts with the structures at the macro-level. Given the attention to the human impact of technology it is not surprising that this new literature continues to pay close attention to the social implications of technological change, particularly its differentiated gender ramifications.
What are the prospects for rapprochement between the history of technology and labour history? There is a recognition that something ought to be done on both sides of the divide. Philip Scranton is the most prominent of those trying to make a bridge. He has argued the case to historians of technology in a special issue on Labour and Technology and to labour historians in International Labor and Working Class History. Arguing from the perspective of theory, Jacques Perrin made the inseparability of technology and workplace organization the subject of his 1990 article in History and Technology.
Both subdisciplines have much to gain from a better understanding of the other. One of the theoretical benefits that might ensue is terminological. The present definitions of technology in the respective subdisciplines still carry heavy ideological burdens that could and should be lightened. The recent work in labour history shows that the unlading has begun. These works suggest that for historians of technology the question of 'technological progress' will have to be shifted to a question of 'progress for whom'? Another advantage that might ensue is that 'context' can be enriched on both sides. Better still, a rapprochement may mean that production systems can be treated as single systems, rather than having their social and technical components examined separately as is presently common.
The recent work in labour history suggests that it is conceptually impossible to separate technology from workplace organization; and the gender, culture, and attitudes of labour from technology. This new literature shows that the bridges between labour history and the history of technology do exist, and that they could bear a lot more traffic.
